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PEDICLE SCREWS WITH INCLINED CHANNELS 
TO HOLD SUPPORT RODS 

5 The present invention relates to bone screws 

with a thread adapted to be screwed into a bone, and a 
fixing means located the other end that is designed for 
attaching a spinal rod to the screw. 

iO BACKGROUND OF THE INVENTION 

In order to maintain bones in specified 
orientation relationship, there are various known 
techniques for screwing a bone-fixing screw into bones 
in various parts of the body, such as the spine, and 

15 combining rods with said implanted screw so that the 
rods will be positioned alongside the bones. The 
screws of the prior art are provided with a rod- fixing 
means. The rod-fixing means have an opening that is 
located either parallel to the axial direction of 

20 thread or on the side thereof, but these solutions have 
problems; inserted rods slip out of place with the 
parallel arrangement, while with the latter, operators 
have to insert a rod at right angles to the axis of the 
thread, which can prove to be a difficult procedure . 
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SUMMARY OF THE INVENTION 
in one aspect, this invention is a bolt for 
connecting a vertebra to a longitudinal member with a 
mounting portion at one end portion of the bolt and a 
connector portion at a second end of the bolt. The 
connector portion has a channel that is adapted to 
receive a spinal support rod and the longitudinal axial 
plane of the channel is oblique to the longitudinal 
axis of the mounting portion of the bolt. A screw is 
then threadably engaged into the connector portion in a 
manner that the longitudinal axis of the screw is 
substantially parallel to the longitudinal axial plane 
of the channel in the connector portion. 

In another aspect, the invention is an 
15 apparatus to support the spine. The apparatus has a 
longitudinal member with at least one flat planar face 
formed therein that extends over at least part of the 
length of the longitudinal member. The apparatus also 
has two bolts. At least one of the bolts has a 
mounting portion at one end of the bolt and a connector 
portion at a second end of the bolt. The connector 
portion has a channel therein that is adapted to 
receive the longitudinal member and the channel is 
oblique to the longitudinal axis of the mounting 
portion of the bolt. The bolt then also has a screw 
that threadably engages the connector portion of the 
bolt to hold the longitudinal member in place. 

In yet another aspect, the invention is also 
bolt for connecting a vertebra to a longitudinal member 
with a mounting portion at one end portion of the bolt 
and a connector portion at a second end of the bolt. 
The connector portion has a channel that is adapted to 
receive a spinal support rod and the longitudinal axial 
plane of the channel is oblique to the longitudinal 
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axis of the mounting portion of the bolt. A screw is 
then threadably engaged into the wall in the channel of 
the connector portion so as to press against a 
longitudinal member residing in the channel when the 
5 screw is axially displaced out from the wall. 

In still another aspect of the invention, the 
invention is an apparatus to support the spine. The 
apparatus includes at least one support rod and at 
least two pedicle screws. The pedicle screws have a 

10 head disposed at a one end and male threads disposed at 
the other end. The head portion has a channel therein 
that is adapted to receive the support rod. The male 
threads have an outside diameter and a core with a core 
diameter. The core diameter remains substantially 

15 constant between the screws, while the external 

diameter of the threads increases from one screw to the 
next screw. 

In the case of a screw, the longitudinal centre 
plane of the channel containing the longitudinal axis 
20 of the threaded rod, the channel extends along the axis 
of the threaded rod. As the latter is also necessarily 
inclined in relation to the margins of the incision of 
the spine so as to be able to be anchored in a pedicle, 
the instruments employed for positioning these screws 
25 come into contact with the flesh and tissues bordering 
the incision, during the screwing and the other 
operations on the screw. 

Thus, an object of the invention is to make 
available a bone-anchoring member which is such that 
30 the instruments associated with it can be used without 
coming into contact with the tissues defining the 
margin of the incision. 

According to the invention, the channel is 
formed such that its longitudinal axial plane is 
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inclined relative to the longitudinal axis of the bone- 

anchoring member. 

Another object of the invention is to provide a 
solution to the following problem. It has been found 
5 that support rods of relatively small diameter, for 

example 3 mm, give rise to a considerable percentage of 
breaks following a certain period of use on the patient. 
It is therefore desirable to increase the flexural 
strength of these rods, but without increasing their 
10 diameter. A solution to this problem would be to use a 
pair of rods instead of one. For a rod having a 
diameter of 3 mm, for example, a pair of rods thus 
combined is equal in terms of flexural strength to a 
rod having a diameter of 3.6 mm. However, such a 
15 solution considerably increases the size and the cost 
price of the instrumentation since it requires two rods 

instead of one. 

The invention therefore aims to provide a 
satisfactory solution to this problem. 

20 According to the invention, at least one 

longitudinal flat is formed on the support rod and 
extends over at least part of the length of the rod, in 
such a way that the latter has, in a longitudinal axial 
plane of the channel, a different flexural strength 

25 depending on whether its flat extends perpendicular or 
parallel to the said longitudinal axial plane of the 
channel . 

Thus, depending on whether the rod is oriented 
with its flat parallel to the longitudinal axial plane 
30 of the channel or by contrast perpendicular to this 
plane, the flexural strength of this rod will be 
different. This strength is of course greater when the 
flat is parallel to the axial plane of the channel. 
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With such an arrangement it is therefore 
possible, when so required, to increase the flexural 
strength of the rod by providing it with one or two 
flats and by modifying its orientation. This affords 
5 the advantage of avoiding the use of two identical 

rods, thereby reducing the size of the instrumentation 

and its cost price. 

According to one embodiment of the invention, 

the rod has two flats parallel to one another and 
10 diametrically opposite, the rod having parts of 

circular cross section between its flats. 

Other particulars and advantages of the 

invention will become clear from the following 

description in which reference is made to the attached 
15 drawings which show a number of illustrative and 

nonlimiting embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a front view, on an enlarged scale, 
of a pedicle screw according to the invention, intended 
for instrumentation for supporting the spine. 
5 Figure 2 is a perspective view, on an enlarged 

scale, of the pedicle screw in Figure 1. 

Figure 3 is a top view of the head of the screw 

in Figures 1 and 2. 

Figure 4 is a view, in a horizontal plane, of 
10 two pedicle screws anchored in a vertebra, one of them 
according to the invention and the other according to 

the prior art. 

Figure 5 is a front view of a pair of bone 
screws according to the invention, joined via a 
15 transverse connection device. 

Figure 6 is a perspective view of an instrument 
which can advantageously be used in combination with a 
screw according to the invention. 

Figure 7 is a partial longitudinal section, on 
20 an enlarged scale, of the head of a screw according to 
the invention and of the lower end of the instrument in 
Figure 6, positioned on the head of the screw. 

Figure 8 is a partial front view of two bone 
screws which can be used in a spinal instrumentation 
25 according to the invention. 

Figure 9 is a perspective view of a support rod 
for spinal instrumentation, according to a third 
embodiment of the invention. 

Figures 10 and 11 are front views in partial 
30 section showing the head of a screw according to 

Figures 1 to 3 associated with a support rod according 
to Figure 9, arranged in a first orientation in Figure 
10 and in a second orientation in Figure 11. 
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Figure 12 is a front view of spinal 
osteosynthesis instrumentation according to the 
invention . 

Figure 13 is a partial perspective view, on an 
5 enlarged scale, of a second embodiment of the screw in 
Figures 1 to 3 and of its means for blocking the 

support rod. 

Figure 14 is a partial side view of the screw 

in Figure 13. 

10 Figure 15 is a longitudinal section of the 

means for blocking the rod associated with the screw in 

Figures 13 and 14. 

Figure 16 is a partial perspective view, on an 
enlarged scale, of a third embodiment of the screw in 
15 Figures 1 to 3 and of its means for blocking the rod. 

Figure 17 is a partial section of the screw in 
Figure 16. 

Figure 18 is a longitudinal section of the 
means for blocking the screw in Figures 16 and 17. 
20 Figure 19 is a partial perspective view, on an 

enlarged scale, of a fourth embodiment of the screw in 
Figures 1 to 3 and of its means for blocking the 
support rod. 

Figure 20 is a partial section of the screw in 

25 Figure 19. 

Figure 21 is a longitudinal section of the 
blocking means on the screw in Figures 19 and 20. 

Figure 22 is a front view of the screw along 

the arrow K in Figure 19. 
30 Figure 23 is a side view of a bone-anchoring 

hook according to the invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The pedicle screw 1 represented in Figures 1 to 
3 is intended to form part of instrumentation for 
5 supporting the spine. This instrumentation has at least 
one support rod dimensioned to extend along at least 
two vertebrae and at least two pedicle screws for bone 
anchoring, such as pedicle screw 1. 

Screw 1 has a threaded rod 2 provided with a 
10 bone thread 3 and a longitudinal axis X-X. and a head 4 
in which there is a channel 5 having a U-shaped cross 
section and a longitudinal axial plane P. The channel 
5 delimited by two flanks 6, 7 of the head 4, is 
adapted to receive a generally cylindrical support rod 
15 and for this purpose preferably has a bottom 8 of 
circular cross section. On its walls 9 there are 
threaded parts 10 intended to receive a screw (not 
shown) for blocking a support rod (not shown) . This rod 
can be smooth or have a roughened surface or it can be 
20 the type of rod 36 which will be described below. 

The U-shaped channel 5 is formed such that its 
longitudinal axial plane P is inclined by an angle A 
different from zero degrees relative to the 
longitudinal axis X-X of threaded rod 2. Thus, the 
25 rectilinear walls 9. which delimit either side of 
threaded parts 10 and channel 5 with its circular 
bottom 8, have an inclination A relative to the axis X- 

X. 

This inclination A can have a value 
30 preferentially up to about 65 degrees (cf. Fig. 19-20) 
in either direction. 

The flanks 6 and 7 delimiting the U-shaped 
channel 5 may have different respective widths 11. 12 
in a direction perpendicular to the longitudinal axial 
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plane P. In addition, a threaded hole 11 is formed in 
the flank 7 whose width 12 is the greater. This hole 11 
is intended to receive a threaded member such as a 
screw 12 (Figure 7) for fixing a piece to the screw 1, 

5 for example an instrument 13 (Figures 6 - 7) . 

Instrument 13 has a general tubular shape with 
an angled lower end 14 in which there is an orifice 15 
for introducing the screw 12 into the threaded hole 11. 
Also arranged in the instrument 13 is an axial bore 16 

10 which is open to each end of instrument 13, the angled 
end 14 being adapted to be applied on the end faces of 
the branches 6, 7 while the screw 12 can be screwed 
into the hole 11, in such a way that the bore 16 is 
coaxial with the threaded parts 10 (Figure 3) . The 

15 geometry of the head 4 of the screw 1 thus makes it 
possible to position the instrument 13 in such a way 
that a tool can be introduced axially into the bore 16, 
precisely and with ease into the axis of the channel 5, 
in order to easily carry out the screwing therein of a 

20 threaded plug for blocking the support rod passing 
through the channel 5. 

Figure 4 shows a screw 1, according to one 
embodiment of the invention, screwed into a pedicle of 
a vertebra V and also a screw 17, according to the 

25 prior art, screwed into the other pedicle of the same 
vertebra. To permit positioning of the screws, the 
surgeon has first made an incision I in the spine by 
the posterior approach, this incision I being delimited 
laterally by muscle tissues M. The screw 17 according 

30 to the prior art includes a head 18 which is integral 
with a threaded rod 19 and has a U-shaped channel 21 
whose axial plane contains the longitudinal axis of the 
rod 19. The flanks 22 delimiting the channel 21 are 
thus similar in their dimensions and are symmetrical in 
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relation to this axial plane and to the axis of the rod 
19. As the screw 17 is also inclined in the pedicle in 
the direction of the adjacent tissues M, the result is 
that a tool 23 for screwing in the plug for blocking 
5 the support rod in the channel 21, necessarily placed 
in the axis of the channel 21, will interfere in an 
undesirable manner with the muscle tissues M. 

By contrast, by virtue of the inclination of 
the channel 5 relative to the axis X-X of the screw 1 
10 according to the invention, the screwing tool 23 can be 
introduced into the channel 5 without coming into 
contact with the tissues M. 

Figure 5 illustrates the use of a transverse 
connection device 24 by virtue of the design of the 
15 wider flank 7 of the screw 1. The end face of this wide 
flank 7 is made up of a first plane part 25, situated 
in the plane of the plane face 26 forming the end of 
the flank 6, and of a second plane part 27 forming an 
obtuse angle with the plane part 25 (Figure 1) . The 
20 transverse connection device 24 is made up of a plate 
28 whose ends bear on the plane part 27 of two screws 
1, and of two members 29 for blocking the plate 28 on 
the screws 1. Each member 29 includes a threaded rod 
(not visible in Figure 5) passing through a 
25 corresponding orifice of the plate 28 and being screwed 
into the associated threaded hole 11. 

Figure 8 shows two pedicle screws 31 and 32 for 
anchoring instrumentation for supporting the spine into 
bone. Each screw comprises a core 33 of diameter d, 
30 equipped with a respective thread 34 and 35, each also 
having an external diameter dl, d2, and a head (not 
shown) . The diameter d of the core 33 is identical for 
both the screws 31, 32, while the external diameter of 
their respective threads 34, 35 increases from dl to 



WO 01/47425 



PCTABOO/01956 



d2, for example from 5.5 to 7.5 mm. More generally, in 
the set of screws provided for by the invention, each 
screw such as 31, 32 comprises a cylindrical core 33 
whose diameter is constant for all the screws, while 
5 the external diameters dl, d2 of their respective 
threads 34, 35 increase from one screw to the other, 
between defined limits. These screws can be of the 
conventional type, such as the screw 17 shown in Figure 
4, or can be according to the invention, such as the 
10 screw 1. 

The identically rigid screws 31, 32 of this set 
do not have too great a diameter in relation to that of 
the support rods with which they may be associated. The 
diameter of the core 33 is of course chosen so that all 

15 the screws used in the spinal instrumentation in 

question have a sufficient mechanical strength, while 
the height of their thread varies from one screw to the 
other, in other words, the diameter of the core 33 of 
the screw remains identical from one screw to the 

20 other, irrespective of the external diameter of its 
thread. 

Figures 9 to 11 illustrate another embodiment 
of the invention in which a pedicle screw 1 is 
associated with a support rod 36 on which at least one 

25 longitudinal flat 37 is formed over at least part of 
the length of the rod 36, the remaining part 38 of 
which is cylindrical. In the example illustrated in 
Figures 9 to 11, two longitudinal flats 37 are arranged 
on the rod 36 and positioned diametrically opposite 

30 each other over part of the length of the rod. In 

addition, these flats 37 are identical, that is to say 
they are symmetrical with respect to the longitudinal 
axis Y-Y of the rod 37. For this reason, the latter 
has, in the longitudinal axial plane P of the channel 5 
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of the head 4. a different flexural strength depending 
on its orientation in this channel 5. More precisely, 
the flat or flats 37 can extend either perpendicular to 
the said axial longitudinal plane P of the channel 5 
(Figure 10) or parallel to it (Figure 11). Between the 
flats 37, the rod 36 has two diametrically opposite 
parts 39 with contours of circular cross section. 

The rounded bottom 8 of the channel 5 has a 
radius of curvature substantially equal to the radius 
of curvature of the circular parts 39. For this reason, 
when the rod 36 is positioned in such a way that its 
flats 37 are parallel to the axial plane P (Figure 11) , 
one of the circular contours 39 will bear on the 
circular bottom 8 by fitting it. Advantageously, the 
means for blocking the rod 36 in the channel 5, formed 
for example by a threaded plug 40, has a bearing face 
which comes into contact with the rod 36. 

When the rod 36 is oriented with its flats 37 
perpendicular to the axial plane P of the channel 5 
(Figure 10), its opposite circular contours 39 bear on 
rounded shoulders 43 which connect the bottom 8 to the 
plane walls of the channel 5 and whose radius of 
curvature is substantially equal to that of the 
circular contours 39. In this case, the plane end face 
of the plug 40 is applied tightly on one of the flats 
37. 

The arrangement of one or two flats such as 37 
over at least part of the length of the support rod 36 
thus makes it possible to vary its flexural strength in 
the axial plane P of the channel 5. depending on its 
orientation: when the flats 37 are perpendicular to the 
axial plane P (Figure 10). its flexural strength in 
this plane is minimal, whereas when these flats 37 are 
placed parallel to the axial plane P (Figure 11), its 
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flexural strength is much greater. For this reason, the 
breaks which could occur hitherto with entirely 
cylindrical rods can be reduced by using a rod with a 
greater diameter and with a flat or flats, such as 36, 
suitably oriented in the channel 5. 

The flat or flats make it possible to adapt the 
-stiffness- of the assembly to the pathology of the 
patient, by varying the orientation of the rod 37 

(Figures 10 and 11) . 

By way of indicative and nonlimiting numerical 
example, for a rod having a diameter of 4 mm, the flats 
37 can be separated by a distance of 3 mm. In a 
possible alternative, the flanks 6, 7 of the screw 1 
can have equal widths. Similarly, the function of the 
15 threaded hole 11 can be provided by a threaded 

extension in the same location or by a geometry on the 
sides such as holes 60 or grooves 107 (Figures 19 and 
22), making it possible to grip the screw via an 
instrument . 

20 Figure 12 illustrates instrumentation according 

to the invention used in conjunction with prior art 
screws 52, including two cylindrical vertebral rods 50 
extending along a segment of the spine comprising four 
vertebrae 51. These rods are also equipped with pedicle 

25 screws 1, which are equipped with threaded plugs 53 for 
blocking the rods 50, and also, at the ends of the said 
rods, with bone-anchoring hooks 52 also provided with 
threaded plugs 53. 

The pairs of screws 1 are connected by 

30 transverse connection devices 24. 

Of course, the cylindrical rods 50 can be 
replaced by rods 36 with flats 37, and the plugs 53 can 
be replaced by plugs 40 or 41. 



WO 01/47425 



PCT/IB00/O1956 



14 

Figures 13 to 15 illustrate a second embodiment 
of the screw in Figures 1 to 3 . In this embodiment, the 
screw 61 includes a head 62 consisting of two flanks 
63, 64 of unequal width and delimiting between them a 
5 channel 65 of U-shaped profile. Formed on one side of 
the body 62 there is also a hole 66 for gripping the 
screw via an instrument (not shown) . The means for 
blocking the support rod 50 is a threaded plug 67 
provided with a collar 68 which radially delimits two 

10 threaded parts 41 and 69. In one of the flanks 

delimiting the channel 65, namely in the wider flank 
63, a threaded hole 71 is formed which has an 
interruption 72 on its part contiguous with the channel 
65, so as to communicate laterally with the latter. In 

15 this way, after the plug 67 has been screwed into the 
hole 71, the collar 68 comes into blocking engagement 
on the rod 50 placed in the channel 65. The upper 
thread 41 projecting above the collar 68 can be joined 
to a transverse connection plate, such as 24 (Figure 

20 12), to which it is fixed by a nut (not shown). 

Formed in the threaded plug 67 there is a 
profiled impression 73 for receiving a corresponding 
screwing tool (not shown) . It will be noted that the 
collar 68 has an asymmetrical profile formed by a flank 

25 68a, inclined in such a way as to be able to bear on 

the rod 50 at the end of screwing of the plug 67, and a 
second flank 68b extending radially, almost 
perpendicular to the longitudinal axis of the plug 67. 

In the third embodiment of the screw 75 shown 

30 in Figures 16 to 18, the head of the screw 75 consists 
of a short and fairly thin flank 76 and of a second 
wider flank 77 which extends beyond the height of the 
flank 76. These. two flanks delimit a channel 78, the 
bottom of which has an axial plane P at a certain 
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inclination to the longitudinal axis XX of the bone- 
anchoring member 75. and the end walls 79, 81 of which 
have an axial plane Z more inclined relative to the 
axis XX than is the axial plane P. 
5 These walls 79, 81 delimit an entry for the 

support rod which is thereby guided as far as the 
bottom of the U-shaped channel 78. Formed in the wide 
flank 77 there is a threaded hole 82 whose lower 
truncated part opens into the channel 78 in the zone 

10 located between the entry walls 79 and 81 (Figure 17). 
in other words, the threaded wall of the hole 82 is 
interrupted at its part contiguous with the channel 78. 
The screw 75 is completed by a threaded plug 83 
provided with an impression 84 for screwing. The rod 50 

15 having been placed beforehand in the channel 78, the 
end cone 42 of the plug 83 comes into blocking 
engagement on the rod 50 (Figure 16) which is thus 
blocked in the channel 78 after sufficient screwing. As 
in the case of the plug 67 in Figure 13, the upper part 

20 of the thread of the plug 83 can be used with a 

transverse connection plate (not shown) and a locking 
nut. 

In the fourth embodiment illustrated in Figures 
19 to 22, the screw 85 comprises a channel 86 receiving 

25 a support rod 50 and delimited by two flanks 87 and 88. 
The flank 88 ends in a rectilinear part which is 
tangent to the cylindrical bottom 86a of the channel 
86. This rectilinear part is continued via a plane 
surface 89 delimiting a second flank 91, of the screw 

30 head, greatly inclined relative to the longitudinal 

axis XX of the screw 85, in the example shown by about 
60°. The bottom 86a is thus connected to a plane 
surface 88, 89, in which there is a threaded hole 92. 
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Lateral grooves 107 are formed on the sides of 
the flanks 88, 91 to permit gripping of the screw 85 by 
an instrument (not shown) . 

The screw 85 is equipped with a threaded plug 
5 93 preferably with an inverse pitch and equipped with a 
head 94 consisting of a radially projecting collar. The. 
collar 94 delimits an end span 95 inclined relative to 
the longitudinal axis of the plug 93 and directed 
towards the outside of the hole 92 when the plug 93 is 
10 screwed into the latter (Figure 19) . The span 95 is 

connected to a radial surface 96 completing the collar 
94. A preliminary insertion of the plug is effected at 
the works, the plug being delivered pre-assembled on 
the screw. 

15 to use this embodiment, the surgeon screws the 

plug 93 into the hole 92, then places the rod 50 in the 
channel 86. The plug 93 is screwed in by turning it in 
the opposite direction to the normal direction in the 
case where its pitch is inverse. After putting the rod 

20 50 into place, the surgeon proceeds to screw the plug 
93 in the opposite direction to the previous one, that 
is to say in the clockwise direction. By this means, 
the plug 93 begins to emerge from the hole 92 until its 
span 9*5 comes to bear on the rod 50 and blocks it 

25 against the inner circular wall of the channel 86 
(Figure 19) . 

The plug 63 can also be provided with a normal 
pitch, and in this case the rotations of this plug are 
reversed. 

30 Figure 23 illustrates a bone -anchoring member 

97 consisting of a hook formed by a body 98, having a 
longitudinal axial plane XX, and a head 99 delimiting a 
U-shaped channel 101 between two flanks 102 and 106. 
These latter are provided with an internal threading 
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permitting screwing of a member for blocking the rod 50 
in the channel 101. The axial plane P of the channel 
101 is inclined relative to the longitudinal axial 
plane XX of the body 98 by a variable angle A, as in 
5 the case of the screw 1 already described. Of course, 
the same applies to the other screws described above 
(Figures 10 - 11) which can be replaced in the same way 
by a hook. In general terms, the arrangement forming 
the subject of the invention can be used on all types 
10 of bone-anchoring hooks: thus, the embodiments in 
Figures 13 to 21 can be used on hooks. 

The present application hereby incorporates by 
reference French Patent Application Number FR 99 16492 
filed 24 December 1999 and French Patent Application 
15 Number FR 00 06655 filed 3 May 2000 each in their 

entirety and claims priority to each in accordance with 
the Paris Convention. 
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CLAIMS 

1. A bolt for connecting a vertebra to a longitudinal 
member, comprising: 

a mounting portion disposed at a first end portion 
5 of said bolt, said mounting portion having means for 
engaging a vertebra, said mounting portion having a 
longitudinal axis; and 

a connector portion disposed at a second end 
portion of said bolt; said connector portion having a 
10 channel therein that is adapted to receive the 
longitudinal member, the channel having a longitudinal 
axial plane, said longitudinal axial plane being 
oblique to said longitudinal axis of said mounting 
portion; and 

a screw having a longitudinal axis, said screw 
threadably engaged into said connector portion in a 
manner that the longitudinal axis of said screw is 
substantially parallel to the longitudinal axial plane 
of the channel in said connector portion, and wherein a 
least a portion of said screw may contact the 
longitudinal member. 

2. The bolt of claim 1, wherein said screw is 
theadably engaged into the channel of said connector 
portion. 

3. The bolt of claim 1. wherein the longitudinal 
axial plane is inclined relative to the longitudinal 
axis of said mounting portion by an angle having a 
value between zero and 65 degrees. 

4. The bolt of claim 1, where said screw is a 
threaded plug with a collar projecting radially from 
said plug, and wherein a portion of said collar extends 
into the channel in said connector portion. 

5. The bolt of claim 1, wherein said connector 
portion has a threaded hole therein and the threaded 
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hole opens into the channel in said connector portion, 
and wherein said screw is threadably engageable against 
a longitudinal member residing in the channel. 

6. The bolt of claim 1, wherein the means for engaging a 
5 vertebra is male threads. 

7. The bolt of claim 1, wherein the means for engaging a 
vertebra is a hook. 

8. An apparatus to support the spine, comprising: 

a longitudinal member, said longitudinal member 

10 having at least one flat planar face formed therein 
that extends over at least part of the length of the 
longitudinal member; and 

two bolts, at least one of said bolts including a 
mounting portion disposed at a first end portion of 

15 said bolt and a connector portion disposed at a second 
end portion of said bolt, said mounting portion having 
means for engaging a vertebra, said mounting portion 
having a longitudinal axis, said connector portion 
having a channel therein that is adapted to receive the 

20 longitudinal member, the channel having a longitudinal 
axial plane, said longitudinal axial plane being 
oblique to said longitudinal axis of said mounting 
portion; and a screw having a longitudinal axis and 
threadably engageable into said connector portion and 

25 wherein a least a portion of said screw may contact the 
longitudinal member when the longitudinal member is 
placed- in the channel of said connector portion. 

9. The apparatus of claim 8 wherein the longitudinal 
axis of said screw is substantially parallel to the 

30 longitudinal axial plane of the channel in said 
connector portion. 

10. The apparatus of claim 8 wherein said longitudinal 
member has two flat planar faces formed therein on 
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diametrically opposite sides of said longitudinal 
member . 

11. The apparatus of claim 8 wherein the channel in 
said connector portion has a concave bottom with a 
substantially round cross-section and at least a 
portion of said longitudinal member has a complementary 
rounded face to mate with the concave bottom of the 
channel . 

12. The apparatus of claim 11 wherein the 
complementary rounded face of said longitudinal member 
is located adjacent the flat planar face of said 
longitudinal member. 

13. The apparatus of claim 8 wherein said screw has a 
distal end and the distal end is flat to engage the 
flat planar face of the longitudinal member. 

14. A bolt for connecting a vertebra to a 
longitudinal member, comprising: 

a mounting portion disposed at a first end portion 
of said bolt, said mounting portion having means for 
engaging a vertebra, said mounting portion having a 
longitudinal axis; and 

a connector portion disposed at a second end 
portion of said bolt; said connector portion having a 
channel therein that is adapted to receive the 
longitudinal member, the channel having a longitudinal 
axial plane, said longitudinal axial plane being 
oblique to said longitudinal axis of said mounting 
portion, the channel being defined by at least one 
wall; and 

30 a screw having a longitudinal axis, said screw 

threadably engaged into said wall in the channel of 
said connector portion, said screw being positioned to 
press against a longitudinal member residing in the 
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channel when the screw is axially displaced out from 
said wall. 

15. The bolt of claim 14, wherein the longitudinal 
axial plane is inclined relative to the longitudinal 

5 axis of said mounting portion by an angle having a 
value between zero and 65 degrees. 

16. The bolt of claim 14, wherein the means for 
engaging a vertebra is male threads. 

17. The bolt of claim 14, wherein the means for 
10 engaging a vertebra is a hook. 

18. An apparatus to support the spine, comprising at 
least one support rod and at least two pedicle screws, 
each of said pedicle screws having a head disposed at a 
first end portion and male threads disposed at a second 

15 end portion, said head portion having a channel therein 
that is adapted to receive the support rod. said male 
threads having an outside diameter and a core with a 
core diameter, said screws further characterised in 
that the core diameter remains substantially constant 

20 between said screws, while the external diameter of the 
threads increases from one screw to the other. 
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